Abstract. We introduce the concepts of interval-valued fuzzy subgroups [resp. normal subgroups, rings and ideals] and investigate some of it's properties.
Introduction
In 1975, Zadeh [8] suggested the notion of interval-valued fuzzy sets as another generalization of fuzzy sets. After that time, Biswas [1] applied it to group theory, and also Kang and Hur [4] applied it to group and ring theory. Gorzalczany [2] suggested a method of inference in approximate reasoning by using interval-valued fuzzy sets. Moreover Montal and Samanta [6] introduced the concept of topology of interval-valued fuzzy sets and investigate some of it's properties. Recently, Hur et. al [3] studies interval-valued fuzzy relations in the sense of a lattice theory. In this paper, we introduce the concept of t-interval-valued fuzzy subgroups [resp.normal subgroup, rings and ideals] and investigate some of it's properties.
Preliminaries
In this section, we list some concepts and results related to intervalvalued fuzzy set theory and needed in next sections. 
For every M ∈ D(I), the complement of M , denoted by M C , is defined by [6] ).
Definition 2.1[6,8]. A mapping A : X → D(I) is called an intervalvalued fuzzy set(is short, IVFS ) in X, denoted by
A = [A L , A U ], if A L , A L ∈ I X such that A L ≤ A U , i.e., A L (x) ≤ A U (x) for each x ∈ X, where A L (x)[resp A U (x)]
is called the lower [resp upper ] end point of x to A. For any [a, b] ∈ D(I), the interval-valued fuzzy
is denoted by simply a. In particular, 0 and 1 denote the interval -valued fuzzy empty set and the interval -valued fuzzy whole set in X, respectively.
We will denote the set of all IVFSs in X as
Definition 2.2 [6] . An IVFS A is called an interval -valued fuzzy point(in short, IVFP ) in X with the support x ∈ X and the value [ 
We will denote the set of all IVFPs in X as IVF P (X) .
Definition 2.4 [6] . Let A ∈ D(I) X and let
It is obvious that A =
Definition 2.5 [7] . A t-norm is a mapping t : I × I → I satisfing the following conditions : for any x, y, z, u, v ∈ I (i) t(x, y) = t(y, x), i.e., xty = ytx. Definition 2.6 [7] . A t-conorm or s-norm is a mapping s t : I → I defined by : for any u, v ∈ I,
It is clear that s t satisfies the following conditions : for any x, y, z, u, v ∈ I.
(iv) xs t 0 = x and xs t 1 = 1.
t-conorms corresponding to the above t-norms t 0 , t 1 , t 2 are as follows: 
t-interval-valued fuzzy subgroupoids
For each z ∈ G, we may assume that ∃u, υ ∈ X such that uυ = z,
Remark 3.2. Proposition 3.2 is the generalization of Proposition 3.2 in [4].
The following is the immediate result of Definition 3.1.
Proposition 3.3. Let (G, ·) be a groupoid, and let "• t " be same as above.
It is clear that 0 and 1 are both t-IV GP s in G.
The followings are the immediate results of Definitions 3.1 and 3.4. (
Remark 3.5. Proposition 3.5 is the generalization of Proposition 3.5 in [4] .
Remark 3.6. Proposition 3.6 is the generalization of Proposition 3.6 in [4] .
From Proposition 3.5, we can define a t-IVGP in G as follows.
The following is the immediate result of Definition 3.4 . 
Similarly, we can see that
Remark 3.9. Since t 0 = " ∧ " is continuous, Proposition 3.9 is the generalization of Proposition 3.8 in [4] . 
Proposition 4.4. If A is a t-IVG in a group G and if there is a sequence
, where e is the identity in G.
x). Hence A(x) = A(y).

Proposition 4.6. Let G be a group and let 0 = A ∈ D(I) G with A(e) = 1. Then A is a t-IVG inG if and only if
A L (xy −1 ) ≥ A L (x)tA L (y) and A U (xy −1 ) ≥ A U (x)tA U (y) for any x, y ∈ G.
Proof. (⇒): Suppose A is a t-IVG in G and let
(⇐): Suppose the necessary conditions hold and let A(a) ≤ A(e), for each e = x ∈ G p where G p = (a) = e = a 0 , a 1 , a 2 
Case(i) : Suppose x = e, y = e and xy −1 = e. Then, by the hypothesis,
Case(ii) : Suppose x = e, y = e and xy −1 = e. Then, by the hypothesis,
Case(iii) : Suppose x = e, y = e and xy −1 = e. Then, by the hypothesis,
Case(iv) : Suppose x = e, y = e, xy −1 = e. Then it is the same as case (iii). In all, Let A be a t-IVG in a group G. Then A is called a  t-interval-valued f uzzy normal subgroup (in short, t-IV N G 
t-interval-valued fuzzy rings and ideals
Definition 5.3. Let R be a ring and let 0 = A ∈ D(I) X be a t-IVR in R. Then A is called a:
(
3) t-interval-valued f uzzy ideal (in short, t-IV I) in R if it is both t-IVLI and t-IVRL in X.
Proposition 5.4. Let R be a ring and let 0 = A ∈ D(I) R such that
Proof. It is obvious from Proposition 4.2 and Definition 4.3. 
Proposition 5.5. Let R be a skew field and let 0 = A ∈ D(I) R . Then A is a t-IVI in R if and only if
Proof. (⇒): Suppose A is a t-IVI in R and let
. Similarly, we can see that A U (x) = A U (e) for each x ∈ R-{0}. Hence, the condition (1) holds.
Let
Thus A L (e) = A L (e)s t A L (e). Similarly, we can see that A U (e) = A U (e)s t A U (e). So the condition (3) holds.
(⇐) : Suppose the necessary condition hold and let
Now let x, y ∈ R. 
